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DEVICE FOR PROTEIN DETECTING TESTS 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

The present application is a continuation-in-part of, and 
claims the priority bene?t, under 35 USC 119 or 120, of our 
prior US. application Ser. No. 09/907,833 ?led Jul. 19, 2001, 
noW abandoned; and the present application is also a continu 
ation-in-part of, and claims the priority bene?t, under 3 5 USC 
119 or 120, ofour prior US. application Ser. No. 10/937,439 
?led Sep. 9, 2004, said application Ser. No. 10/937,439, noW 
abandoned. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

Research and development of the present invention and 
application have not been Federally-sponsored, and no rights 
are given under any Federal program. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to immunodetection gener 
ally, and more particularly to a novel device for protein 
detecting tests. 

2. Description of the Related Art Including Information 
Disclosed Under 37 CFR 1.97-1.99 

While the present invention is described in detail With 
reference to a device for Western blot tests, it Will be under 
stood that it is applicable as Well to a family of the devices for 
similar tests. 

Detection of proteins immobiliZed on various matrixes 
using immunological methods is a Widespread procedure 
both in biomedical research areas and in clinics. A common 
example of such detection methods is What has become 
knoWn as the Western blotting procedure, Where proteins 
separated by polyacrylamide gel electrophoresis are trans 
ferred to an immobiliZing matrix for immunodetection. 
Although conceptually simple, the process of detecting mol 
ecules of interest by immunological methods is a tedious and 
labor-intensive task, involving successive incubation With a 
series of reagents and Washes. 

To reduce the “hands-on” time requirements for immuno 
detection, several instruments have been developed, such as 
the Western Processor of Bio-Rad Laboratories, and the Hoe 
fer Processor Plus of Amersham Pharmacia Biotech, that 
automate the time-consuming steps of these routine proto 
cols. In the design of both devices, a rocker platform provid 
ing agitation of the blotting reagents and pumps for reagent 
delivery and discharging of test vessels are used. Pumping of 
the reagents determines the main draWback of the devices; its 
structural complexity increases dramatically as the number of 
test vessels and variability in primary and secondary antibod 
ies increase. For this reason, the number of test vessels in both 
devices is limited currently by four, and the numbers of used 
primary and secondary antibodies in both devices are limited 
by one and one. This strongly limits the capacity of the 
devices and their abilities to make several tests With different 
antibodies simultaneously. With other protocols for immuno 
detection, FLISA or immunocytochemistry, only very expen 
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2 
sive robots have been used for automation, and no specialiZed 
inexpensive devices for automation have been developed. 

SUMMARY 

Accordingly, the objects of the invention are considered to 
include at least some of the folloWing: to provide a device for 
automation of biological and medical tests Wherein test speci 
mens placed in a test vessel are subsequently treated by dif 
ferent liquid reagents according to a test protocol. 

Further, to provide such a device in Which there are a 
number of gravity ?oW lines for reagents Wherein the reagents 
are being automatically processed in compliance With prede 
termined test requirements, exempli?ed by their ?oW from 
feed containers to Waste-accepting means. 

Further: to provide such a device that includes a mechani 
cal system including moveable test vessels Which movement 
generates agitation of the reagents and test specimens placed 
therein, a hydraulic gravity feeding system delivering the 
reagents into the test vessels; a hydraulic gravity discharging 
system removing the reagents from the test vessels and direct 
ing them into containers for collecting spent reagents or a 
seWer system, and a control system operating the device. 

Still further, to provide such a device in Which the mechani 
cal system provides agitation of the reagents inside the test 
vessels. 

Still further: to provide such a device Wherein the hydraulic 
gravity feeding system consists of a number of feeding con 
tainers placed above the test vessels, a measuring unit placed 
beloW the feeding containers but above the test vessels, and 
connecting tubes therefor. 

Finally: to provide such a device in Which valves located in 
the measuring unit regulate or operate the reagent feeding 
?oWs. 
The hydraulic gravity discharging system comprises a 

number of the reagent ?oW lines, some of Which are served for 
transportation of Wasted primary antibodies into collecting 
containers for secondary usage, and others for transportation 
of other reagents to a seWer system. 
Some of the reagent ?oW lines include valves located 

beloW the test vessels, Which regulate or operate the reagent 
discharging ?oWs, and tubes connecting the valves With the 
test vessels and the means for accommodation of Waste 
reagents. 

Preferably all tubes used in the feeding and the discharging 
systems in combination With valves are made of resilient, or 
elastic materials having good shape memory and Which are 
nontacky under long-term pres sure. 
The use of resilient, ?exible tubes has tWo distinct advan 

tages: One is that Where the tubes are attached to the test 
vessels, there is required to be a certain amount of slack to the 
tubes, to permit the test vessels to be agitated. In the absence 
of such ?exible tubes, rigid connections Would have to be 
made, Which Would inhibit the required agitation of the test 
vessels. 

Next, Where laboratory space is limited, the arrangement 
provided by the invention utiliZes components that are dis 
posed mostly one above the other, as opposed to a side-by 
side disposition. Accordingly, space requirements are accom 
modated, since the present invention does not use up valuable 
table space as in a side-by-side arrangement of the compo 
nents of the test device. Moreover, the ?exibility of the tubes 
enables limited shifting of the various components, into opti 
mal positions, or into positions dictated by the available space 
in the laboratory. 
The device is advantageously operated by programmable 

control means. 
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Other objects of the present invention, as Well as particular 
features, elements, and advantages thereof, Will be elucidated 
in, or be apparent from, the following description and the 
accompanying draWing ?gures. 

The present invention, as embodied by the main claim 
appended hereto, provides: 

In the ?eld of performing immunoblot tests, DNA blots and 
RNA blots, on biological materials that are positioned in 
equipment that subjects the material to predetermined tests 
Which involve reagent-type liquids that ?oW through piping in 
the form of test processing lines according to predetermined 
test protocols, and Wherein such tests produce results that are 
derived from reaction of said reagent-type liquids that ?oW 
through the piping, and Wherein there is a device for carrying 
out speci?c biological and/or medical tests in a laboratory 
facility, and Wherein said tests involve speci?c test specimens 
that are treated by different liquid reagents, said device com 
prising in combination: 

means providing an upright support for placement on a 
bench or ?oor of the laboratory facility, 

at least tWo test vessels movably connected With said sup 
port and arranged to carry said test specimens, respectively, 
said test vessels being open to the air at their tops and being 
disposed at a ?rst, predetermined height (h1) above said ?oor, 
each of said test vessels having tWo inlets for acceptance of 
said liquid reagents into the respective test vessel, and each of 
said test vessels having tWo outlets for removing said spent 
reagent and said Waste material from said respective test 
vessel, 

a gravity-operated feed system comprising a reagent-feed 
container and a measuring unit connected thereto by a group 
of tubes constituted of ?exible substance, said reagent-feed 
container being disposed at a second predetermined height 
(h2) above said ?oor, said second predetermined height being 
greater than said ?rst predetermined height of said test ves 
sels, all of said group of tubes being separated from one 
another to prevent cross-transferance or contamination 
betWeen liquids carried thereby, said measuring unit being 
connected to said test vessels by another group of tubes con 
stituted of ?exible substance, said measuring unit being dis 
posed at a third predetermined height (h3) above said ?oor, 
said third predetermined height being betWeen said ?rst and 
second predetermined heights, Whereby liquid reagent/Water 
from said reagent-feed container can selectively ?oW, solely 
under the force of gravity and Without pumps of any kind, into 
the measuring unit, and subsequently from the measuring unit 
into said test vessels, respectively, all Without the use of 
pumps of any type and Without cross-transference or con 
tamination of the liquid being carried in said another group of 
tubes, 

a discharge unit connected With said test vessels by yet 
another group of tubes, said discharge unit being located at a 
fourth predetermined height (h4) With respect to said ?oor, 
said fourth predetermined height being less than said ?rst 
predetermined height (h1) of said test vessels, Whereby spent 
reagent and Waste material from said test vessels can selec 
tively ?oW, solely under the force of gravity and Without the 
use of pumps of any kind, into said discharge unit to be 
suitably discarded thereby and Without cross-transference or 
contamination of the liquid being carried in said immediately 
preceding group of tubes, 

motoriZed means for agitating the test vessels by providing 
for reciprocating movement to said test vessels and mixing 
through the test specimens therein, and 

a control system regulating ?oW of reagent betWeen said 
reagent-feed container and said measuring unit, betWeen said 
measuring unit and said test vessels, and betWeen said test 
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4 
vessels and said discharge unit, according to a predetermined 
time schedule constituted as part of said control system, said 
control system ?oW regulation being fully capable of either 
simultaneous or individual operation of said ?oWs of reagent/ 
Water out of said container, into and out of said measuring 
unit, through all of said tubes, through said test vessels, and 
into said discharge unit. 
The invention also provides a device for automation of 

biological and medical tests in a laboratory facility, Wherein 
test specimens are treated by different liquid reagents, said 
device comprising in combination: 

a) an upright support for placement on a laboratory bench 
or on the ?oor of a laboratory facility, 

b) tWo test vessels movable connected With said support 
and arranged to carry said test specimens, respectively, said 
test vessels being disposed at a ?rst, predetermined height 
above said ?oor, 

c) a gravity-operated feed system comprising a reagent 
feed container and a measuring unit connected thereto by a 
group of tubes constituted of ?exible substance, said reagent 
feed container being disposed at a second predetermined 
height above said ?oor, said second predetermined height 
being greater than said ?rst predetermined height of said test 
vessels, said measuring unit being connected to said test 
vessels by another group of tubes constituted of ?exible sub 
stance, said measuring unit being disposed at a third prede 
termined height above said ?oor, said third predetermined 
height being betWeen said ?rst and second predetermined 
heights, Whereby liquid reagent from said reagent-feed con 
tainer can selectively ?oW, solely under the force of gravity, 
into the measuring unit, and subsequently from the measuring 
unit into said test vessels, respectively, 

d) a discharge unit connected With said test vessels by yet 
another group of tubes, said discharge unit being located at a 
fourth predetermined height With respect to said ?oor, said 
fourth predetermined height being less than said ?rst prede 
termined height of said test vessels, Whereby spent reagent 
and Waste material from said test vessels can selectively ?oW, 
solely under the force of gravity, into said discharge unit to be 
suitably discarded thereby, 

e) motoriZed means for agitating the test vessels by pro 
viding for reciprocating movement to said test vessels and 
mixing through the test specimens therein, and 

f) a control system regulating ?oW of reagent betWeen said 
reagent-feed container and said measuring unit, and betWeen 
said measuring unit and said test vessels, according to a 
predetermined time schedule constituted as part of said con 
trol system. 

Other features and advantages Will hereinafter appear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Understanding of the present invention and the various 
aspects thereof Will be facilitated by reference to the accom 
panying draWing ?gures, provided for purposes of illustration 
only and not intended to de?ne the scope of the invention, in 
Which: 

FIG. 1 is a fragmentary front vieW of a device constructed 
according to the present invention. 

FIG. 2 is a top plan vieW taken along arroWA shoWn in FIG. 
1. 

FIG. 3 is a fragmentary top vieW of the device shoWing 
reagent-feeding containers. 

FIG. 4 is a cross sectional, side elevational vieW of the 
device taken on line 1-1 of FIG. 2. 

FIG. 5 is a cross sectional vieW of the device along the line 
2-2 of FIG. 1. 
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FIG. 6 is a schematic side elevational vieW of the primary 
antibody feed tubes. 

FIG. 7 is a schematic side elevational vieW of the other 
reagent feed tubes. 

FIG. 8 is a side elevational vieW taken along arroW B of the 
schematic vieW shoWn in FIG. 7. 

FIG. 9 is a side elevational vieW of the structure of the 
valves used for the device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT AND INVENTORS’ BEST MODE 

OF CARRYING OUT THE INVENTION 

Reference should noW be made to the drawing ?gures on 
Which similar or identical elements are given consistent iden 
tifying numerals throughout the various ?gures thereof, and 
on Which parenthetical references to ?gure numbers direct the 
reader to the vieW(s) on Which the element(s) being described 
is (are) best seen, although the element(s) may be seen on 
other ?gures also. 

The invention is related to devices for the automation of 
biological and medical tests Wherein a test specimen placed in 
a test vessel is subsequently treated by different liquid 
reagents according to a test protocol. For example, it can be a 
device for Western blot tests Wherein gel matrixes placed in 
the test vessels are treated by a number of reagents. During the 
tests, the reagents have to be dosed, then delivered into the test 
vessels, agitated in the test vessels, removed from the test 
vessels, and directed to reagent collecting containers or to a 
seWer system. 
The mechanical principle of this invention is the provision 

of a number of gravity ?oW lines of the reagents Wherein the 
reagents are automatically processed according to a predeter 
mined subsequence on their Way from feeding containers to 
the Waste-accepting means. 

The description of the invention is made With an example 
of a device for the automation of the Western blot tests. The 
device performance covers typical Western blot test protocols 
including the folloWing treatments of the tested gel matrixes: 

a. Blocking 
b. Washing #1 
c. Processing of the gel matrixes With primary antibodies 
d. Washing #2 
e. Processing of the gel matrixes With secondary antibodies 
f. Washing #3 
The device can process up to six matrixes simultaneously 

using up to six different primary antibodies and up to tWo 
different secondary antibodies. 

Referring to the draWings in detail, in FIGS. 1-9 a device 
for Western blot tests is shoWn in the preferred embodiment. 
The device includes tWo main parts: a body 1 and an upright 
rack support 2. The body, in turn, includes a housing, a base, 
a block of six test vessels, a mechanical system for recipro 
cating movement of the test vessels, a hydraulic gravity feed 
ing system for measuring, distributing, and delivering the 
reagents into the test vessels, a hydraulic gravity discharging 
system for removing Waste reagents from the test vessels and 
transporting them to the Waste primary antibody containers 
and seWer system, and a control system for operating the 
device. 

Rack support 2 supports tWo main elements of the hydrau 
lic gravity feeding system on the ?oor of the laboratory facil 
ity, such ?oor being designated FL in FIG. 1, said main 
elements of the hydraulic gravity feeding system being: the 
feeding containers and the reagent measuring unit. 

FIGS. 1 and 2 shoW test vessels C, D, E, F, G and H, Where 
the gel matrixes or test specimens are tested. They are rect 
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6 
angular boxes combined into tWo sets 3 and 3a of three test 
vessels each (C, D, E, and H, G, F). Each set canbe substituted 
With one or tWo test vessels of larger siZes. The test vessels 
have inlets 4 for the delivery of primary antibodies and one or 
more inlets 411 for the delivery of other reagents into the test 
vessels. The test vessels also have outlets 5 and 511 for dis 
charging from the test vessels, Waste primary antibodies and 
other reagents, accordingly. Typical test specimens TS, FIG. 
2, are indicated in tWo of the test vessels. To accelerate the 
discharging process, the test vessels are each inclined off the 
device’s centerline, as shoWn by the arroWs in FIG. 2, and 
each has tWo corner triangles 6 directing reagent ?oWs to the 
outlets. A horiZontal plate 7 supports the test vessels. 

Agitation of the reagents inside the test vessels during the 
tests may be achieved by the horizontal reciprocating move 
ment of the test vessels that generates a Wave-like movement 
of the reagents placed inside. Accordingly, plate 7 is sup 
ported by ?at vertical springs 9. The upper ends of the springs 
are a?ixed to the plate and their loWer ends are af?xed to the 
base of the device. When the applied horiZontal forces dis 
place the plate about the base, the spring forces of opposite 
direction are generated, and When the plate is released from 
the applied forces it returns to its original position. By cycli 
cal displacements and releases, the plate receives the required 
reciprocating movement. 
As an instrument for plate displacements, an electric motor 

10 supported by base 13, having shaft 12 and eccentric 11 
a?ixed to the shaft, is used (FIG. 4). The eccentric, engaged 
With extensions 14 of plate 7, pushes and releases the plate 
When the motor is rotated. By this Way, the reciprocating 
movement of the plates and the desirable Wave-like move 
ment of the reagents inside the test vessels are provided. 

In accordance With the invention, the hydraulic gravity 
feeding system comprises of a number of feeding containers 
101-110, all disposed at a height h2 above the ?oor, indicated 
FL in FIG. 1, a measuring unit 111 disposed at a height h3 
placed beloW the feeding containers, but above the test ves 
sels, Which latter are at a height h1 in FIG. 1, and connecting 
tubes 112, 11211 and 113 connecting the unit With the feeding 
containers and the test vessels (FIGS. 1, 3 and 4). 

Plates 114 and 115 supporting the feeding containers and 
plate 116 supporting the measuring unit are attached to the 
rack 2. For removing the reagents out of the containers, each 
of them has an opening at its bottom. The containers are ?lled 
With the reagents manually, by the operator, in preparation of 
the device for the tests. 
The gravity ?oW feeding lines of the reagentsia system of 

tubes and mechanisms betWeen the feeding container and the 
test vesselsiare of the folloWing structure: 

Primary antibody lines: The device includes six lines that 
supply a number of test vessels and, accordingly, supports 
tests that may be performed simultaneously using different 
primary antibodies. To avoid cross-contamination each feed 
ing container is connected to only one test vessel by a separate 
line or tube. Accordingly, each line consists of a controlling 
valve 117 and tube 112a connecting one of the feeding con 
tainers 104-109 to one of the test vessels C-H (FIG. 6). The 
valve is of the pinch type, normally closed, and located inside 
the measuring unit 111. When closed, the valve provides a 
Watertight shutoff of the respective tube 11211. When opened, 
the valve causes the release of primary antibodies that How 
into the test vessel. All primary antibody lines Work simulta 
neously so that one valve structure 117 can serve several 
tubes. 

Other reagent lines: The lines altogether are a mechanical 
system providing measurement of the reagents, and their 
delivery to the test vessels. As the number of used test vessels 
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for any particular test may be different from another test, 
distribution of other reagents among the test vessels is an 
additional function performed by this system. 

The system for the other reagent lines includes four other 
tubes 112 connecting feeding containers for blocking 
reagent, Washer, and tWo secondary antibodies (101-103 and 
110), With a measuring unit 130 (FIGS. 7 and 8). Four inlet 
valves 118-121 are installed along the tubes 112, one for each 
tube. The valves control delivery of the reagents to the mea 
suring unit 130. 
The system also includes six tubes 128 connecting mea 

suring unit 130 With the test vessels4one tube for each test 
vessel C-H. Valves 122-127 are installed along the tubes 128 
beloW measuring unit 13 0, one valve for each tube. The valves 
control distribution and delivery of the regents to the test 
vessels according to the test protocol. The valves are of the 
pinch type, normally closed, and located inside the measuring 
unit 111. When closed, they provide a Watertight shutoff of 
tubes 128. When opened, the valves release the reagents that 
then ?oW into the test vessels. 

Dosing of the reagents is performed in measuring unit 130. 
In the described embodiment, one dose of one reagent is 
measured at one time. Accordingly, delivery of the reagents 
into the test vessels is made consequently, one by one. Mea 
suring unit may also be arranged such that more than one dose 
of a reagent may be measured and fed to more than one test 
vessel in a simultaneous manner. 

To prepare the dose, one of the valves 118-121 is opened 
and the reagent ?oWs into the measuring unit. The level of the 
reagent in the measuring unit is used as a volumetric measure 
of the reagent collected therein. HoWever, usage of other 
methods of measuring of liquid inside a vessel is not 
excluded. When the necessary dose is prepared, means 129 
detects this and sends an electrical signal to the control system 
of the device. The system closes the valve and thus, stops the 
How of the reagent into the measuring unit. Then, one of the 
valves 122-127 is opened and the reagent ?oWs from the 
measuring unit 130 into a proper vessel. 

To accelerate the process and to increase the reliability of 
the reagent that ?oWs through the feeding system, com 
pressed air can be supplied through lines 500, to the measur 
ing unit and the feeding containers. The additional pressure 
quickly forces the agents out of the various tubes. 

The hydraulic gravity discharging system includes tWelve 
tubes, six for transporting the Waste primary antibodies into 
collecting containers 201 for secondary usage, and six for 
transporting other Waste reagents from test vessels into mani 
fold 207 and then to a seWer system 310 (FIG. 5). 

Each of the discharging lines for the Waste primary anti 
bodies consists of a tube 204 connecting one of the test 
vessels C-H to one of the containers 201, and valves 202. The 
valves are required for operation of transportation of the 
Waste primary antibodies to containers 201 according to a test 
protocol. The valves 202 are of a pinch type, normally closed, 
and located under the test vessels but above containers 201. 

In accordance With the invention, the container 101 is 
disposed above the level or height h1 of the test vessels, such 
that gravity can be utiliZed to How reagent from container 101 
doWnWardly through measuring unit 111 Which latter is 
shoWn as being at a height h3, and thereafter to the level of the 
test vessels, this level being designated in FIG. 1 by the 
indicia h1. Further by the invention, the test vessels at height 
h1 are above the level of the discharge containers 201, located 
at height h4, such that gravity can again be utiliZed to draW 
spent reagent or Waste material from the twelve (12) test 
vessel outlets 5 or 5A, FIG. 2. 
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Returning to the discharging lines, When the valves 202 are 

closed, they provide an airtight shutoff of tubes 204, FIGS. 1 
and 4. When opened, the valves release the Waste primary 
antibodies that How into containers 201. Preferably all Waste 
primary antibody lines Work simultaneously, so that one valve 
set 202 can operate several tubes. 
Each of the discharging lines for the Waste associated With 

the other reagents, consists of a tube 206 connecting one of 
the test vessels C-H to manifold 207, transporting the 
reagents to the seWer system 310 (FIG. 5), and a valve 205. 
The valve operates to transport the Waste associated With the 
other reagents to the seWer system 310 according to a test 
protocol. The valves are of a pinch type, normally closed, and 
located under the test vessels and above the manifold 207. 
Support 203 supports discharging valves 202 and 205. When 
closed, the valves provide an airtight shutoff of the tubes 206. 
When opened, the valves release the other reagents that then 
?oW into the manifold and then to the seWer system. All Waste 
from the said other reagent lines Work simultaneously, so that 
one valve set 205 can serve several tubes. 

All valves used in the device are preferably of the structure 
shoWn in FIG. 9. Each valve may consist of a solenoid 300 
having a plunger 301 With a mouthpiece 302. An extension 
spring 303 set betWeen the solenoid frame and the mouth 
piece pushes the plunger from Within the solenoid. A tube 304 
Wherein a reagent ?oWs is located across the mouthpiece. 
There is a Wall support 305 preventing lateral displacement of 
the tube under mouthpiece pressure. Distance betWeen the 
tube and the mouthpiece, and strength of spring 303 have to 
provide the lateral force Well enough for airtight shutoff of the 
tube When the valve is sWitched off. When the valve is 
switched on, the plunger suppresses the spring and the lateral 
force is removed. 

All tubes used in the hydraulic feeding and discharging 
systems are preferably made of resilient or elastic materials 
having good shape memory characteristic, and are nontacky 
under long-term pres sure. 

In this description, a Programmable Logic Controller 
(PLC) 400, FIG. 5, operates and controls the various func 
tions. The main operational function of the PLC is to sWitch 
on and off, the valves controlling reagent feeding and test 
vessel discharging lines in compliance With time delays deter 
mined by a particular test protocol. At the same time, any 
appropriate systems for programmable controlling of techno 
logical processes can also be used. 

In the embodiments of the present invention described 
above, it Will be recogniZed that individual elements and/or 
features thereof are not necessarily limited to a particular 
embodiment but, Where applicable, are interchangeable and 
can be used in any selected embodiment even though such 
may not be speci?cally shoWn. 

Terms such as “upper”, “loWer”, “inner”, “outer”, 
“inWardly”, “outwardly”, “vertical”, “horizontal”, and the 
like, When used herein, refer to the positions of the respective 
elements shoWn on the accompanying draWing ?gures and 
the present invention is not necessarily limited to such posi 
tions. 

It Will thus be seen that the objects set forth above, among 
those elucidated in, or made apparent from, the preceding 
description, are e?iciently attained and, since certain changes 
may be made in the above construction Without departing 
from the scope of the invention, it is intended that all matter 
contained in the above description or shoWn on the accom 
panying draWing ?gures shall be interpreted as illustrative 
only and not in a limiting sense. 

It is also to be understood that the folloWing claims are 
intended to cover all of the generic and speci?c features of the 
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invention herein described and all statements of the scope of 
the invention Which, as a matter of language, might be said to 
fall therebetWeen. 

Each and every one of the appended claims de?nes an 
aspect of the invention Which is separate and distinct from all 
others, and accordingly it is intended that each claim be 
treated as such in any determination of novelty or validity. 

Variations and modi?cations are possible Without depart 
ing from the spirit of the invention. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 

1. In the ?eld of performing immunoblot tests, DNA blots 
and RNA blots, on biological materials that are positioned in 
equipment that subjects the material to predetermined tests 
Which involve reagent-type liquids that How through piping in 
the form of test processing lines according to predetermined 
test protocols, and Wherein such tests produce results that are 
derived from reaction of said reagent-type liquids that How 
through the piping, and Wherein there is a device for carrying 
out speci?c biological and/or medical tests in a laboratory 
facility, and Wherein said tests involve speci?c test specimens 
that are treated by different liquid reagents, said device com 
prising in combination: 

a) means providing an upright support for placement on a 
bench or ?oor of the laboratory facility, 

b) at least tWo test vessels movably connected With said 
support and arranged to carry said test specimens, 
respectively, said test vessels being open to the air at 
their tops and being disposed at a ?rst, predetermined 
height (h1) above said ?oor, each of said test vessels 
having tWo inlets for acceptance of said liquid reagents 
into the respective test vessel, and each of said test 
vessels having tWo outlets for removing said spent 
reagent and said Waste material from said respective test 
vessel, 
a gravity-operated feed system comprising a reagent 
feed container and a measuring unit connected thereto 
by a group of tubes constituted of ?exible substance, 
said reagent-feed container being disposed at a second 
predetermined height (h2) above said ?oor, said second 
predetermined height being greater than said ?rst pre 
determined height of said test vessels, all of said group 
of tubes being separated from one another to prevent 
cross-transferance or contamination betWeen liquids 
carried thereby, said measuring unit being connected to 
said test vessels by another group of tubes constituted of 
?exible sub stance, said measuring unit being disposed at 
a third predetermined height (h3) above said ?oor, said 
third predetermined height being betWeen said ?rst and 
second predetermined heights, Whereby liquid reagent/ 
Water from said reagent-feed container can selectively 
?oW, solely under the force of gravity and Without 
pumps of any kind, into the measuring unit, and subse 
quently from the measuring unit into said test vessels, 
respectively, all Without the use of pumps of any type 
and Without cross-transference or contamination of the 
liquid being carried in said another group of tubes, 

d) a discharge unit connected With said test vessels by yet 
another group of tubes, said discharge unit being located 
at a fourth predetermined height (h4) With respect to said 
?oor, said fourth predetermined height being less than 
said ?rst predetermined height (h1) of said test vessels, 
Whereby spent reagent and Waste material from said test 
vessels can selectively ?oW, solely under the force of 
gravity and Without the use of pumps of any kind, into 
said discharge unit to be suitably discarded thereby and 
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10 
Without cross-transference or contamination of the liq 
uidbeing carried in said immediately preceding group of 
tubes, 

e) motoriZed means for agitating the test vessels by pro 
viding for reciprocating movement to said test vessels 
and mixing the test specimens therein, and 

f) a control system regulating How of reagent betWeen said 
reagent-feed container and said measuring unit, betWeen 
said measuring unit and said test vessels, and betWeen 
said test vessels and said discharge unit, according to a 
predetermined time schedule constituted as part of said 
control system, said control system How regulation 
being fully capable of either simultaneous or individual 
operation of said ?oWs of reagent/Water out of said con 
tainer, into and out of said measuring unit, through all of 
said tubes, through said test vessels, and into said dis 
charge unit. 

2. The invention as set forth in claim 1, and further includ 
ing: 

a) automatically-operable valves placed in series With said 
?rst-mentioned group of tubes, and in series With said 
other groups of tubes, respectively. 

3. The invention as set forth in claim 2, Wherein: 
a) one of said valves is disposed in series With one tube of 

the group of tubes that extends from the reagent-feed 
container to the measuring unit, and 

b) another of said valves is disposed in series With a tube of 
said other group of tubes that extends from the measur 
ing unit to the test vessels. 

4. The invention as set forth in claim 3, Wherein: 
a) said one valve and said other valve provide a Watertight 

shutoff of each of said tubes, respectively. 
5. The invention as set forth in claim 1, Wherein: 
a) said ?rst group of tubes and all of said other groups of 

tubes are made of elastic materials having good memory 
shape characteristic, and are characterized by non-tacki 
ness under long-term compression and de-compression. 

6. The invention as set forth in claim 1, Wherein: 
a) said measuring unit has means for generating a signal 
When a predetermined quantity of said liquid reagent/ 
Water is collected from said reagent-feed container, and 
is ready to be released to one of said test vessels. 

7. The invention as set forth in claim 2, Wherein: 
a) said control system transmits signals to said valves, to 

open or close them at predetermined times, correspond 
ing to desired release of reagent/Water from said 
reagent-feed container and through said measuring unit. 

8. The invention as set forth in claim 1, Wherein: 
a) said discharge unit empties spent reagent and Waste 

material into a Waste container or into a seWer. 

9. The invention as set forth in claim 1, Wherein: 
a) said test vessels are capable of being inclined With 

respect to the horiZontal and toWard their outlets, respec 
tively, thereby to assist in emptying the test vessels. 

10. The invention as set forth in claim 1, Wherein: 
a) said test vessels have angled comers respectively, direct 

ing Waste reagent toWard their outlets, respectively. 
11. The invention as set forth in claim 1, Wherein: 
a) said motorized means and reciprocating arrangement for 

the test vessels, includes springs engaging said test ves 
sels and providing agitating, shaking movements 
thereto, as determined by said control system. 

12. The invention as set forth in claim 11, Wherein: 
a) said motoriZed means comprises an electric motor With 

an eccentric roller attached to its shaft, said roller being 
engaged With said springs, and Wherein rotation of said 
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eccentric roller displaces said springs, resulting in said 
agitating, shaking movements. 

13. The invention as set forth in claim 1, Wherein: 
a) said motorized means is under the guidance of the con 

trol system, and is scheduled thereby to effect the recip 
rocating movements according to a schedule that is part 
of the control system. 

14. The invention as set forth in claim 1, and further includ 
ing: 

a) a support plate interposed betWeen the motorized means 
and the test vessels, said test vessels resting on said 
support plate, and 

b) said motorized means directly agitating said support 
plate at times determined by the control means. 

15. In the ?eld of performing immunoblot tests, DNA blots 
and RNA blots, on biological materials that are positioned in 
equipment that subjects the material to predetermined tests 
Which involve reagent-type liquids that ?oW through piping in 
the form of test processing lines according to predetermined 
test protocols, and Wherein such tests produce results that are 
derived from reaction of said reagent-type liquids that ?oW 
through the piping, and Wherein there is a device for carrying 
out speci?c biological and/or medical tests in a laboratory 
facility, and Wherein said tests involve speci?c test specimens 
that are treated by different liquid reagents, said device com 
prising in combination: 

a) means providing an upright support member, for place 
ment on a bench or ?oor of the laboratory facility, 

b) at least tWo test vessels movably connected With said 
support and arranged to carry said test specimens, 
respectively, said test vessels being open to the air at 
their tops and being disposed at a ?rst, predetermined 
height (h1) above said ?oor, each of said test vessels 
having tWo inlets for acceptance of said liquid reagents 
into the respective test vessel, and each of said test 
vessels having tWo outlets for removing said spent 
reagent and said Waste material from said respective test 
vessel, 
a gravity-operated feed system comprising a reagent 
feed container and a measuring unit connected thereto 
by a ?rst group of tubes constituted of ?exible substance, 
said reagent-feed container being disposed at a second 
predetermined height (h2) above said ?oor, said second 
predetermined height being greater than said ?rst pre 
determined height of said test vessels, all of said ?rst 
group of tubes being separated from one another to 
prevent cross-transferance or contamination betWeen 
liquids carried thereby, said measuring unit being con 
nected to said test vessels by a second group of tubes 
constituted of ?exible substance, said measuring unit 
being disposed at a third predetermined height (h3) 
above said ?oor, said third predetermined height being 
betWeen said ?rst and second predetermined heights, 
Whereby liquid reagent/Water from said reagent-feed 
container can selectively ?oW, solely under the force of 
gravity and Without pumps of any type, through said ?rst 
group of tubes and into the measuring unit, and subse 
quently ?oW through said second group of tubes, from 
the measuring unit into said test vessels, respectively, all 
Without the use of pumps of any type and Without cross 
transferance or contamination of the liquid being carried 
in said second group of tubes, 

d) a discharge unit connected With said test vessels by yet 
another group of tubes constituted of ?exible substance, 
said discharge unit being located at a fourth predeter 
mined height (h4) With respect to said ?oor, said fourth 
predetermined height being less than said ?rst predeter 
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12 
mined height (h1) of said test vessels, Whereby spent 
reagent and Waste material from said test vessels can 
selectively ?oW, solely under the force of gravity and 
Without the use of pumps of any kind, into said discharge 
unit to be either suitably discarded thereby, or recovered 
for use as recycled liquid reagent, all Without cross 
transference or contamination of the liquid being carried 
in said immediately preceding group of tubes, 

e) said gravity-operated feed system further comprising a 
second reagent-feed container, said measuring unit 
being connected thereto by still another group of tubes 
constituted of ?exible substance, said second reagent 
feed container being disposed physically above the posi 
tion of said test vessels, all of said immediately preced 
ing group of tubes being separated from one another to 
prevent cross-transferance or contamination betWeen 
liquids carried thereby, said measuring unit being con 
nected to said test vessels by a still another group of 
tubes constituted of ?exible substance, said measuring 
unit being disposed above the test vessels but beloW the 
second reagent-feed container, Whereby liquid reagent/ 
Water from said second reagent-feed container can 
selectively ?oW, solely under the force of gravity and 
Without pumps of any type, through said other group of 
tubes and into the measuring unit, and subsequently ?oW 
through said still another group of tubes, from the mea 
suring unit into said test vessels, respectively, and out of 
said test vessels and into said discharge unit, all Without 
the use of pumps of any type and Without cross-trans 
ferance or contamination of the liquid being carried in 
any of said tubes, 

f) motorized means for agitating the test vessels by provid 
ing for reciprocating movement to said test vessels and 
shaking of the test specimens therein, and 

g) a control system regulating ?oW of reagent betWeen said 
reagent-feed containers and said measuring unit, 
betWeen said measuring unit and said test vessels, and 
betWeen said test vessels and said discharge unit, 
according to predetermined time schedules constituted 
as part of said control system, said control system ?oW 
regulation being fully capable of either simultaneous or 
individual operation of said ?oWs of reagent/Water from 
said containers, into and out of said measuring unit, 
through said tubes, into and out of said test vessels, and 
into said discharge unit. 

16. The invention as set forth in claim 15, Wherein: 
a) the motorized means is under the guidance of the control 

system, and operates to agitate the test vessels at prede 
termined times. 

17. The invention as set forth in claim 16, and further 
including: 

a) a support plate interposed betWeen the motorized means 
and the test vessels, said test vessels resting on said 
support plate, and 

b) said motorized means directly agitating said support 
plate at said predetermined times determined by the 
control means. 

18. The invention as set forth in claim 17, and further 
including: 

a) spring members interposed betWeen said motorized 
means and said support plate, to transmit said agitation. 

19. A device for automation of biological and medical tests 
in a laboratory facility, Wherein test specimens are treated by 
different liquid reagents, said device comprising in combina 
tion: 

a) an upright support for placement on a laboratory bench 
or on the ?oor of a laboratory facility, 
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b) tWo test vessels movably connected With said support 
and arranged to carry said test specimens, respectively, 
said test vessels being disposed at a ?rst, predetermined 
height above said ?oor, 

c) a gravity-operated feed system comprising a reagent 
feed container and a measuring unit connected thereto 
by a group of tubes constituted of ?exible substance, 
said reagent-feed container being disposed at a second 
predetermined height above said ?oor, said second pre 
determined height being greater than said ?rst predeter 
mined height of said test vessels, said measuring unit 
being connected to said test vessels by another group of 
tubes constituted of ?exible substance, said measuring 
unit being disposed at a third predetermined height 
above said ?oor, said third predetermined height being 
betWeen said ?rst and second predetermined heights, 
Whereby liquid reagent from said reagent-feed container 
can selectively ?oW, solely under the force of gravity, 
into the measuring unit, and subsequently from the mea 
suring unit into said test vessels, respectively, 

d) a discharge unit connected With said test vessels by yet 
another group of tubes, said discharge unit being located 
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at a fourth predetermined height With respect to said 
?oor, said fourth predetermined height being less than 
said ?rst predetermined height of said test vessels, 
Whereby spent reagent and Waste material from said test 
vessels can selectively ?oW, solely under the force of 
gravity, into said discharge unit to be suitably discarded 
thereby, 

e) motoriZed means for agitating the test vessels by pro 
viding for reciprocating movement to said test vessels 
and shaking of the test specimens therein, and 

f) a control system regulating How of reagent betWeen said 
reagent-feed container and said measuring unit, and 
betWeen said measuring unit and said test vessels, 
according to a predetermined time schedule constituted 
as part of said control system. 

20. The invention as set forth in claim 19, Wherein: 
a) said control system has the capacity to operate substan 

tially in an automated fashion, to synchroniZe the How of 
reagent from said reagent-feed container, through said 
measuring unit, through said test vessels, and into said 
discharge unit. 


